To improve the osteogenic and anti-bacterial activity for the hydroxyapatite coated titanium substrate Zn containing HA biological coating was prepared on commercially pure Ti via the sol-gel method after treatment by oxidation which produced a porous titania coating on the titanium. The phase structures of the coatings were characterized by X-ray diffraction. The release concentration of zinc was measured by an inductively coupled plasma spectrometer. In vitro co-culture assays were performed to evaluate the cell morphology and attachment of MG-63 cells to the coated titanium. The anti-bacterial effect of the ZnHA/TiO 2 coating was evaluated on Porphyromonas gingivalis w83. The cell micro morphology on the ZnHA/TiO 2 coatings was more polygonal than that of HA/TiO 2 coatings when viewed by SEM. It was confirmed by fluorescence microscopy observations that the MG-63 cells on the hybrid coating layer were favorably adhered. Compared with the HA/TiO 2 coating, the ZnHA/TiO 2 coating significantly inhibited the growth of Porphyromonas gingivalis. The results suggest that the ZnHA/TiO 2 hybrid coatings on titanium implants should possess better mechanical binding properties and biocompatibility.
Introduction
With the growing success of the operation and the gradual arrival of aging society, the number of implants restoration is increasing every year. Titanium (Ti) implants have become widely used in implants because of the combination of good mechanical properties and biocompatibility 1) . However Ti is bio-inert material and often results in osseointegration failure. Hydroxyapatite (HA) coating of Ti surface has been widely used as bone repair, bone replacement and bone conduction of the surface coating material because the composition and crystal structure of HA are similar to bone mineral. Physical combination can be generated between HA coating and bone tissue, this feature has been validated and used in clinical research for many years. HA coating is the main direction of surface modification of implants 2) , it has been confirmed by the International Dental Federation. But the HA coating of Ti surface has not the anti-bacterial properties. The prevalence of peri-implantitis is still a serious issue in patients receiving the implant surgery. After implantation, the neck of the implant surface exposes to the bacteria environment. So the neck of the implant and the natural periodontal fibers were susceptible to the bacterial. The toxic products of the bacterial will cause inflammation around the implants. In order to enhance the antibacterial properties and reduction of inflammation on implants, researches have tried a variety of implant materials and modified implant surfaces. Größner et al. 3) used four methods for surface modification of titanium, showing that TiN or ZrN by physical vapor deposition of the two groups can significantly reduce bacterial adhesion. Petrini P 4) has used zinc oxide to titanium surface with ultraviolet light and showed bactericidal efficacy against oral bacterial. In order to improve the osseointegration and anti-bacterial properties, we introduce the element of zinc.
Zinc as the bone mineral in one of the most abundant trace elements can promote bone formation on osteoblasts and inhibit bone resorption on osteoclasts in vivo and in vitro 5) . It can also promote bone metabolism, growth, mineralization, increase bone density and prevent bone resorption 6) . Researches confirmed that the calcium phosphate ceramic coatings containing zinc promoted biological activity of osteoblasts than the pure HA coating in vitro 7) . It can also be used as antimicrobial elements, and showed good anti-bacterial activity 8) .
There are many ways to form HA coating on Ti surface, such as plasma spraying, ion sputtering, chemical vapor deposition, electrochemical deposition, sol-gel, thermal decomposition.
Because of the great difference between HA coating and Ti alloy substrate in physical and chemical properties, the binding of the coating is weak and the bacteria in mouth affects attachment of osteoblasts on implants. We synthesized zinc contained HA osseointegration and peri-implantitis. The direct osteoblasts culture methods were used to evaluate the biocompatibility of the hybrid coating. Porphyromonas gingivalis (P. gingivalis) w83
was used in this study to evaluate the anti-bacterial activity of ZnHA/TiO 2 coating.
Materials and Methods

Preparation of specimens
Commercially available pure Ti was polished, followed by ultrasonic cleaning in acetone, ethanol, and distilled water. The specimens were MAO by BPP-3(Harbin Institute of Technology, Harbin, China) micro-arc oxidized power for 3min. The electrolyte consisted of Ca (CH 3 COO) 2 (0.1mol/L) and NaH 2 PO 4 (0.06mol/ L). The frequency and duty of the pulsed DC power were 660 Hz and 15% and the voltage range was 550-600V 9) .The specimens were subsequently rinsed and sonicated in distilled water. Afterward ethanol solutions (2M) contained Ca (NO 3 ) 2 ·4H 2 O and P (C 2 H 5 O) 3 were prepared as Cacium and Phosphorus precursors, respectively. These solutions were mixed for molar ratio of Ca/P was 1.67. The solution was kept for 72h at 60ºC to form an initial solution. Different designed amount of Zn(NO 3 ) 2 ·6H 2 O solution was added into the initial sols to form a series of dipping sols, then extra ethanol was added to the sols to adjust the Calcium concentration. The Zn/Ca molar ratios of the dipping sols for ZnHA/TiO 2 -1, ZnHA/TiO 2 -2 and ZnHA/TiO 2 -3 were 0.0025, 0.005 and 0.01 respectively. In preparation of zinc containing HA coating, cleaned Ti substrates were immersed into the dipping sols and drawn at a speed of 0.5mm/s. The as-dipped films were dried at 60ºC for 1h, 100ºCfor 1h and 600ºC for 1h in each run. This deposition procedure was repeated 5 times for a coating thickness of about 1mm. Each specimen was prepared in a disc shape with dimensions of 10×1mm. Phase structure of the surface coatings were analyzed by XRD (XRD-6000, SHIMADZU and D8 DISCOVER).
In vitro release behavior of zinc
Tris-buffered solution (0.05M) was prepared by dissolving Tris (hydroxymethyl) aminomethane ((HOCH 2 ) 3 CNH 2 , AR) in distilled water and buffered at pH 7.25 at 37ºC by the addition of 1.0 M hydrochloric acid (AR). The specimens were immersed in 6.8ml tris-buffered solution in sealed polyethylene tubes. After incubation in high and low temperature oscillation incubator (HZQ-F 160A) at 37ºC for 24, 48, 72, 144 and 288h, respectively. The concentrations of zinc in the immersed solution were determined by inductively coupled plasma spectrometer (Optima 2000DV, Perkin Elmer).
Cells culture
Human osteoblast-like MG-63 cells were purchased from Chinese Academy of Medical Sciences and were for the cell model. The cells were thawed from a frozen stock and routinely cultured in Dulbecco's Modified Eagle's Medium supplemented with 10% fetal calf serum, 1% penicillin and streptomycin at 37ºC in an atmosphere of 5% CO 2 and 100% humidity. The media was exchanged every 2-3 days. When the cells reached 90% confluence, they were subcultured routinely. The specimens were sterilized in 120ºC water steam for 20 min and the MG-63 cells were plated at a density of 2×10 4 cells/ml on every specimen in individual wells of a 24-well plate.
Cells proliferation
In sterile 24-well plates were placed ZnHA/TiO 2 -1, ZnHA/ TiO 2 -2, ZnHA/TiO 2 -3 and HA/TiO 2 . MG-63 will be made of 2 × l0 4 ml -1 of cell suspension were inoculated in three sterile 24-well plates, each well add 500 l of cell suspension were placed in 37ºC, 
Cells morphology
For cell morphology observation, after cell culture for 24h and 48h, the specimens were harvested as washing with phosphatebuffered saline. The cells attached on the layers were fixed with 2.5% glutaraldehyde in 0.1M cacodylic acid buffer (pH7. 4) overnight. At 4ºC, the fixed specimens were then dehydrated in an ethanol series (30%, 50%, 70%, 95% and 100%) for 10min each, immersed in isoamyl acetate for 1.5min, a critical point drying fluid and sputter-coated with a thin layer of Au-Pd. Finally the morphologies of cells were observed and captured by SEM (JSM-300).
Cells attachment
The samples of ZnHA/TiO 2 -1, ZnHA/TiO 2 -2, ZnHA/TiO 2 -3 and HA/TiO 2 were placed in sterile 24-well plates. The MG-63 cell suspension inoculated to each sample and cultured for 48h. Then the samples of each group were removed from the 24-well plate, washed by PBS, fixed 30min with 4% formaldehyde solution, penetrated through the membrane for 2 min with 2% Triton-X-100, sealed 30min with 5% BSA at room temperature. The samples were stained 1h with 5 g/ml fluorescein isothiocyanate (FITC) labeled phalloidin and stained 1min with 25 g/ml propidium iodide (PI) at room temperature, both were away from light, washed 5min with PBS, mounted with the anti-quenching agents. The Finally the morphologies of P. gingivalis were observed and captured by SEM (JSM-5600LV).
After incubation, a 100 l bacterial culture medium was immediately transferred into 900 l of BHI and diluted in a 10 fold series to l0 -7 . The BHI used as the dilution solution was prepared with the addition of 0.8 mm glass beads. Each 100ìl of dilution solution was planted on a blood agar plate, spread evenly with a conrage stick, and cultured at 37ºC for 7 days. At the end of the culture period, the number of colonies (colony-forming unit: CFU) was counted 10) . Antibacterial activity was expressed as the ratio of CFUs on ZnHA/TiO 2 -1, ZnHA/TiO 2 -2 and ZnHA/ TiO 2 -3 specimens to those on the controls that were incubated with HA/TiO 2 specimens. Each colonization test was run in triplicate and repeated at five separate times. Figure 1 shows the patterns of coatings with different composition, we could see the peaks of HA of all the specimens.
Results
Chemical composition
But the peaks become weaker along with the increasing of zinc. When the molar ratio of Zn/Ca increased to 0.05, HA phase significantly reduced. The results indicated that the phase structure of HA would remain even after zinc added. The Ti matrix and the crystalline structure of anatase and rutile TiO 2 phase diffraction peaks can be seen from all the specimens. The peaks were formed during the moment of the plasma temperature and high pressure zone, a crystalline phase TiO 2 were sintered from the amorphous oxide. Anatase and rutile TiO 2 phase diffraction peaks were not influenced by addition of zinc, ZnHA coating covered only on the surface of TiO 2 ceramic membrane, providing calcium, zinc and phosphorus for the growth of new bone. Figure 2 showed in the fluid environment, with the dissolution of HA, zinc can be gradually released into the implant around. After ZnHA/TiO 2 -1, ZnHA/TiO 2 -2, ZnHA/TiO 2 -3 depositing at 37ºC for 24, 48, 72, 144 and 288 hours, the release concentration of zinc was measured. The toxicity threshold of zinc is 9.28 × 10 -5 .The release of zinc from ZnHA/TiO 2 coating can be controlled by the variation of zinc concentration in the sols precursor solution.
In vitro release behavior of zinc
The concentration of zinc in the tris-buffer gradually increased with the increase of Zn/Ca molar ratio in the precursor solution.
The zinc release process underwent a gradually increase release followed by a tapering-off and directed to a constant value at longer time.
Cells proliferation
MTT is a classic experiment to detect cell survival and growth of the method, the principle is the living cell mitochondria succinate dehydrogenase catalyzes the tetracarboxylic tetrazolium to form purple crystal. The quantity of the crystals was positively correlated with the living cells. Figure 3 showed the coating surface in ZnHA/TiO 2 -2 and ZnHA/TiO 2 -3 OD value of the growth of cells in the inoculation of 24, 48 and 72h after the increase than the control group HA/TiO 2 had statistically significant (p<0.05), indicating that the addition of zinc ions can promote cell proliferation. The cells in the ZnHA/TiO 2 -1, ZnHA/TiO 2 -2 and ZnHA/TiO 2 -3 OD values between groups had no difference in cell proliferation (p>0.05). So we can conclude that the addition of zinc in cell proliferation process played a key role. The Zn/Ca molar ratio varied among 0.0025, 0.005 and 0.01, the changes of zinc ion concentration on the cell proliferation rate was not statistically significant (p> 0.05). Figure 4 showed the typical morphologies of attached osteoblast-like cells on HA/TiO 2 and ZnHA/TiO 2 -coated surfaces. When co-cultured 24h the cells on HA/TiO 2 surface were round or little extended, otherwise the cells on ZnHA/TiO 2 surface spread irregularly and communicated mutually. More Pseudopodium was observed on the ZnHA/TiO 2 surfaces. The cell pseudopodium crawled along the holes and firmly grasped the surfaces. The cells on the ZnHA/TiO 2 surface grew and spread more favorably. Figure  4 showed the ZnHA/TiO 2 coating promoted normal morphologies forming of MG-63 cells.
Cells morphology
Cells attachment
FITC labeled phalloidin can specifically bind to F-actin of eukaryotic cells and propidium iodide (PI) can bind the DNA specifically. Green actin filaments were stained by FITC and red nuclei were stained by PI. As shown in Figure 5 , the extended degrees of cytoskeleton on the ZnHA/TiO 2 coating were favorably better than the controls. It showed the growth states of cells were better. More numbers of attached and proliferated cells were observed on the surfaces of ZnHA/TiO 2 than HA/TiO 2 from Figure   5 . The results demonstrated that adhesion and proliferation of MG-63 cells on the ZnHA/TiO 2 coating were significantly increased compared with the controls. It was probably due to the release of zinc, which induced positive solution-mediated effects on cellular activity. The chemical properties of ZnHA/TiO 2 coating may influence protein adsorption and elicit diverse cellular responses.
Early cell adhesion can activate a serie of biological signals of cell behaviors includinwas g cell adhesion, cell spreading, actin cytoskeleton formation and focal adhesion formation. It is the premise of osteoblasts proliferation, differentiation and gene expression. It will largely determine the long-term biological response and is the key to implant success.
Anti-bacterial activity
From Fig.6 we can see the colonies of P. gingivalis. on the specimens of HA/TiO 2 are more than on the specimens of ZnHA/ TiO 2 -1, ZnHA/TiO 2 -2 and ZnHA/TiO 2 -3. Most of the P. gingivalis show regular spherical or rod shapes on the specimens of HA/ TiO 2 . But the bacteria on the surfaces of ZnHA/TiO 2 -1, ZnHA/ TiO 2 -2 and ZnHA/TiO 2 -3 were elongated or with irregular shapes and some bacteria cracked and broke into fragments. Table 1 showed the inhibitory rates of percent colony forming unite relative to the control. The inhibitory rate = [(the number of experimental specimens colonies |number of control specimens colonies) / number of control specimens colonies] ×100%. The higher inhibitory rate means the stronger anti-bacterial effect of the specimens. ZnHA/TiO 2 -1, ZnHA/TiO 2 -2 and ZnHA/TiO 2 -3 coatings significantly inhibited the growth of P. gingivalis than the HA/TiO 2 . With the zinc concentration, the inhibitory effect increased gradually.
Discussion
With the dissolution of HA, zinc can be gradually released into the implant around which was well below the toxic concentration of zinc 11) . 14) . Zinc has been used as antimicrobial elements in surface modifications to titanium of implants and showed bacterial efficacy 15, 16) . ZnHA/TiO 2 coatings significantly inhibited the growth of P. gingivalis than the HA/TiO 2 . When zinc reach the microbial cell membrane, it will be strongly adsorbed and penetrate into the bacterial cell wall of the body. The bacteria lose proliferation capacity and death because of the pathogen protein denaturation, destruction of bacterial cells to synthesize the enzyme activity and lower pH value of the environmen. Tamura M 17) also indicated zinc might be useful for limiting the settlement/ colonization of P. gingivalis in the gingival sulcus with the goal of preventing periodontal disease P. gingivalisis the major periodontopathic bacteria adhered to titanium surfaces at the supraand sub-gingival portions of implants. Both clinical and experimental evidence support the contention that P. gingivalis plays a major causative role in the development of chronic periodontitis. So the surface modification to inhibit the growth of P. gingivalis is required 18) . ZnHA/TiO 2 coatings showed good inhibitory effect of P. gingivalis growth. Thereby the implants of ZnHA/TiO 2 coatings can reduce the incidence of peri-implantitis. A number of reactive hydroxyl groups formed on the surface of TiO 2 and the Ti-OH groups can be Calcium and Phosphorus in the deposition site 19) . ZnHA/TiO 2 coating promoted formation of bone around the implants and met the immediate implantation and early clinical load requirements than HA/TiO 2 coating. Other studies also have demonstrated that zinc containing calcium phosphate significantly promoted bone formation 20) . In conclusion ZnHA/TiO 2 coated Ti substrates would be a promising implant material with the promotion of bone formation and inhibiting the growth of bacteria.
